Successful management using airway pressure release ventilation for severe postoperative pulmonary edema  by Morimoto, Yoshihisa et al.
S
s
Y
F
D
a
A
R
R
A
A
K
S
P
A
E
(
P
1
a
a
m
s
m
t
e
h
t
T
i
c
e
C
h
2
cCASE  REPORT  –  OPEN  ACCESS
International Journal of Surgery Case Reports 27 (2016) 93–95
Contents lists available at ScienceDirect
International  Journal  of  Surgery  Case  Reports
journa l h omepage: www.caserepor ts .com
uccessful  management  using  airway  pressure  release  ventilation  for
evere  postoperative  pulmonary  edema
oshihisa  Morimoto  (MD,  PhD) ∗,  Takaki  Sugimoto  (MD,  PhD), Hiroki  Arase  (MD),
umiya  Haba  (MD)
ivision of Cardiovascular Surgery, Awaji Medical Center, Hyogo, Japan
 r  t  i  c  l  e  i  n  f  o
rticle history:
eceived 3 May  2016
eceived in revised form 8 August 2016
ccepted 8 August 2016
vailable online 28 August 2016
eywords:
evere hypoxia
ulmonary edema
irway pressure release ventilation (APRV)
xtracorponeal membrane oxygenation
ECMO)
a  b  s  t  r  a  c  t
INTRODUCTION:  Postoperative  pulmonary  edema  is  a fatal  adverse  event  after  a  cardiac  surgery.  We  here
report  successful  management  using  airway  pressure  release  ventilation  (APRV)  for severe  hypoxia  with
pulmonary  edema  after  a cardiac  surgery.
PRESENTATION  OF  CASE:  A 58-year-old  man  underwent  an  uneventful  mitral  valve  repair.  Immediately
afterwards,  the patient  became  agitated  and  made  vigorous  inspiratory  efforts.  His  oxygen  saturation
dropped  to 90%.  Coarse  inspiratory  rhonchi  were  heard  on  auscultation,  and  copious,  pink, frothy  sputum
was  obtained  with  suctioning.  Initial  chest  radiograph  showed  right-sided  patchy  opacities  and  intersti-
tial  inﬁltrates.  A transthoracic  echocardiogram  demonstrated  normal  cardiac  function.  With  worsening
respiratory  failure  on mechanical  ventilation,  APRV  was  attempted.  His  condition  and  blood  gas  was
subsequently  improved.  Over  the  following  3 days,  the  patient  experienced  an  uneventful  postoperative
course  and was  discharged  to home  on  postoperative  day  14.ostoperative complication DISCUSSION:  Extracorponeal  membrane  oxygenation  (ECMO)  is  the  most  effective  for severe  hypoxia
with  pulmonary  edema;  however,  ECMO  is  associated  with  hemorrhage  and  infectious  complications.
Alteratively,  APRV  was  required  for  the  successful  management  for severe  hypoxia  with  pulmonary
edema.
CONCLUSION:  APRV  could  be  effective  for severe  hypoxia  with  pulmonary  edema  after  a  cardiac  surgery.
©  2016  The  Author(s).  Published  by  Elsevier  Ltd  on behalf  of IJS  Publishing  Group  Ltd.  This  is  an  open
he  CCaccess  article  under  t
. Introduction
Severe postoperative pulmonary edema is a fatal adverse event
fter a cardiac surgery. Conventional ventilator therapy with
dministration of some medications may  be used for treatment of
ild cases. However, there is no deﬁnitive treatment method for
evere cases. Extracorponeal membrane oxygenation (ECMO) is the
ost effective tool for severe hypoxia with pulmonary edema [1].
There is no previous literature on Airway pressure-release ven-
ilation (APRV) in patients with severe postoperative pulmonary
dema. APRV is a novel mode of positive-pressure ventilation that
as several advantages over low-tidal-volume, assist-control ven-
ilation in patients with acute respiratory distress syndrome [2].
here are few clinical trials showing that APRV is able to provide
mproved gas exchange, and it is unclear if APRV results in improved
linical outcomes or worsen lung injuries.We  here report successful management using APRV for postop-
rative pulmonary edema after a cardiac surgery.
∗ Corresponding author at: Division of Cardiovascular Surgery, Awaji Medical
enter, 1-1-137 Shioya, Sumoto, Hyogo, 656-0021, Japan.
E-mail address: yoshimor@gmail.com (Y. Morimoto).
ttp://dx.doi.org/10.1016/j.ijscr.2016.08.007
210-2612/© 2016 The Author(s). Published by Elsevier Ltd on behalf of IJS Publishing 
reativecommons.org/licenses/by-nc-nd/4.0/). BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).
2. Case report
A 58-year-old man  with a history of severe mitral valve regur-
gitation was admitted to our institution for a mitral valve repair.
Chest x-ray conﬁrmed no pulmonary edema. After transesophageal
echocardiography (TEE) demonstrated severe MR,  the patient was
scheduled for elective surgery. Subsequently, the patient under-
went an uneventful mitral valve repair.
Following the procedure, the patient was  transferred to the
intensive care unit. Immediately afterwards, the patient became
agitated and exhibited vigorous inspiratory efforts. His oxygen
saturation dropped to 90%. At that time he was  ventilated using
pressure control continuous mandatory ventilation (PC-CMV) with
an inspiratory pressure (above PEEP) of 25 cm H2 O,  PEEP = 15 cm
H2 O, and FiO2 = 1.0. Coarse inspiratory rhonchi were heard on
auscultation, and copious, pink, frothy sputum was obtained
with suctioning. Blood gas demonstrated a pH of 7.33, PaCO2
of 40, PaO2 of 71, and a bicarbonate level of 22. The initial
portable chest radiograph showed right-sided patchy opacities
and interstitial inﬁltrates (Fig. 1). A transthoracic echocardio-
gram demonstrated normal cardiac function. The patient was
intravenously treated with furosemide (40 mg/day) and methyl-
predonisolone (125 mg/day). With worsening respiratory failure
Group Ltd. This is an open access article under the CC BY-NC-ND license (http://
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Fig. 1. An initial portable chest radiograph postoperatively showed right-sided
patchy opacities and interstitial inﬁltrates.
Table 1
Hemodynamic and ventilatory parameters on pressure-controlled mechanical ven-
tilation (PCMV) and after switching to airway pressure release ventilation (APRV).
PCMV APRV
BP mmHg 78/42(56) 83/45(60)
PAP  mmHg  32/12 33/11
CVP  mmHg  13 17
Ventilator rate/min 12 9
Mean airway pressure cmH2O 10 23
Peak pressure 28 30
Vt  (exhaled) 600 630
pH  7.33 7.38
PaO2 71 92
PaCO2 40 38
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Fig. 2. A chest radiograph after the extubation showed right-sided inﬁltrates were
insigniﬁcantly changed on postoperative day 2.P: blood pressure, PAP: pulmonary artery pressure, CVP: central venous pressure,
t: tidal volume.
n mechanical ventilation, APRV was attempted on postoperative
ay 1. Settings of APRV were P high = 30 cm H2O, P low = 5 cm H2O
inspiratory pressure = 25 cm H2O) T high = 6.4 s, and T low = 0.5 s,
hich resulted in a mandatory breath frequency of 9 breaths/min.
e was able to take spontaneous breaths on the APRV mode and
edative requirements were decreased. His hemodynamic condi-
ion was not altered under APRV (Table 1).
Over the following days his P high and length spent on high
ressure (T high) were manipulated in order to maintain oxy-
enation. His condition and blood gas subsequently improved. pH
f 7.43, PaCO2 of 42, PaO2 of 144, and a bicarbonate level of 22
as obsereved. His sputum was also decreased. Chest radiogra-
hy showed that the right-sided inﬁltrates were insigniﬁcantly
hanged (Fig. 2). By postoperative day 2, the patient’s respiratory
arameters and blood gas parameters had improved, and he was
uccessfully extubated. Over the following 3 days, the patient expe-
ienced an uneventful postoperative course and was  discharged to
ome on postoperative day 14. A chest radiograph before the dis-
harge showed right-sided inﬁltrates were signiﬁcantly improvedFig. 3. A chest radiograph before the discharge showed right-sided inﬁltrates were
signiﬁcantly improved on postoperative day 10.
on postoperative day 10 (Fig. 3). Two weeks later, patient had no
complaints at his postoperative follow-up visit.3. Discussion and conclusion
Postoperative pulmonary edema is a well-known postopera-
tive complication especially following minimally invasive cardiac
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urgery that combines right minithoracotomy. In most cases, the
omlication clear over several days and management of hypoxia is
ost important.
In a subset of patients with severe pulmonary edema, standard
entilatory strategies may  be unable to maintain adequate arterial
xygenation. ECMO is the most effective for severe hypoxia with
ulmonary edema [1]. However, ECMO is associated with hem-
rrhage and infectious complications. There are two case reports
sing high frequency jet ventilation and asynchronous differential
ung ventilation for this disorder [3,4]. These treatments need the
pecial ventilator. In our case, conventional supportive care, includ-
ng mechanical ventilation using high PEEP, diuretics, steroids, and
notropic drugs, was ineffective.Alternatively, APRV was  required
or the successful management of the patient.
Given the difﬁculty in oxygenation, we believe that the use of
PRV in our patient resulted in improved oxygenation and ventila-
ion. APRV is well tolerated by patients, requires minimal sedation
nd allows spontaneous breathing, which improves ventilation-
erfusion mismatching and cardiac performance [5].
APRV may  be an ideal ventilatory mode in patients after car-
iac surgery with severe hypoxia due to pulmonary edema, as the
ncreased mean alveolar pressure with short release time (time
ow) will recruit collapsed, dependent lung while preventing over-
istention of ventilated alveoli. We  believe that APRV should be
onsidered as an alternative ventilator strategy in patients after car-
iac surgery with severe hypoxia due to postoperative pulmonary
dema. There is no previous literature on APRV for postoperative
ulmonary edema. APRV aids pulmonary dyfunction management
y maximizing alveolar recruitment while limiting the transalveo-
ar pressure gradient, thereby lessening the risk of barotrauma [6].
iven the difﬁculty in oxygenation, the use of APRV for postoper-
tive pulmonary edema may  improve oxygenation and ventilation
ithout any special ventilator or ECMO.
We  believe that APRV should be considered as an alternative
trategy for severe hypoxia with postoperative pulmonary edema
nstead of ECMO.
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